. The genetic yield gain in the study period indicates that the improvement programs of dryland wheat in the Brazilian-savanna are effective. Besides the marked contribution of genetic gain, the environmental and technological improvements were also relevant for the yield, accounting for 47.4% of the total progress in the period. The improvement programs of dryland wheat resulted in a genotype renovation rate of 35% over the years.
INTRODUCTION
Since the seventies of the last century, wheat has expanded towards the Midwest of Brazil, where it is grown on soils of the Cerrado (Brazilian savanna) area, with quite promising results (Souza & Ramalho, 2001; Cargnin et al., 2006) . Although the planted area of dryland wheat is small, this crop type represents an alternative in succession to early soybean, as an income complement to producers, besides increasing land use efficiency and reducing machine idleness, among other advantages. Moreover, as a rising number of soils has become infested by the soybean cyst nematode Heterodera glycines, new production systems are needed to be able to coexist with this new problem that threatens Brazilian soybean cultivation.
Producers need wheat cultivars adapted to the predominant climate conditions of the end of the rainy period. Therefore, EPAMIG (Agriculture and Livestock Research Institute of Minas Gerais) has been developing a wheat genetic improvement program since 1976. The estimates of the genetic improvement established by the breeding programs could be useful to quantify their efficiency.
Some methodologies were developed to quantify the genetic improvement obtained with these breeding programs. Ideally, the methods would make use of the information as it becomes available throughout the trials (Atroch & Nunes, 2000) . Therefore, Vencovsky et al. (1986) suggested a method that uses data of cultivar evaluation trials conducted by research institutions. This method was applied in the different studies that estimate the contribution of the genetic improvement for different crops under Brazilian conditions.
Based on this background, this study aimed to quantify the genetic improvement obtained by dryland wheat breeding programs in the Brazilian-savanna between 1976 and 2005, conducted by EPAMIG in Minas Gerais State, Brazil.
MATERIAL AND METHODS
Grain yield data of dryland wheat in the state of Minas Gerais obtained in trials conducted by partner research institutions under the administration of EPAMIG from 1976 to 2005 were used in this study. In the trials, a group of genotypes (cultivars and/or lines) that did not perform well, was annually discarded and replaced by others. On the other hand, a second genotype group with good performance was annually maintained for evaluation in the following year. One genotype could therefore be found in the evaluations for two or more years, depending on the annual performance.
The trials were conducted in randomized block designs, with three replications. Data of yearly grain yield of the cultivars and/or lines were used. The means were replicated k times for each genotype, according to the number of trials and the number of replications. The experiments from 1989 and 1999 were lost due to a strong drought.
The trials were conducted at ten sites in the state of Minas Gerais: Capinópolis (18°40' S, 49°34'  W, 564 m The methodology proposed by Vencovsky et al. (1986) was used to calculate the genetic progress. This methodology allows the calculation of the mean progress estimate based on information of genotype sets evaluated in a particular period. It takes into account that new genotypes are produced by improvement programs every year and included in competition trials together with others that are kept by in view of the yield capacity, adaptability and, acceptance by producers. Genotypes which, for some reason, are eventually outmatched were excluded as well.
The difference between the yield mean of the common genotypes of each pair of years was used to estimate the year effect. The annual genetic advance was computed by the difference between the mean yield of a genotype of one year and that of the year immediately before, excluding the year effect. Thus, the genetic improvement of the two consecutive years 1 and 2 was estimated by the difference: gd 21 = td 21 -ad 21 , where: td 21 = ( 2 -1 ), the total difference between the mean of all treatments of year 2 and that of all treatments in year 1, where 2 and 1 are the means of all genotypes in the years 2 and 1, respectively; ad 21 = ( (21)2 - (21)1 ) is the environmental difference obtained between the group mean of the same group of genotypes evaluated in years 2 and 1, where (21)2 and (21)1 are the separate genotype means of those common to both years, obtained in the years 2 and 1, respectively.
This procedure provides estimates of increase in the variable resulting from the improvement of the available genotypes and environmental conditions. With "a" years the genetic and environmental differences between each pair of successive years are "a 1". The sum of all gd and ad values represents grain yield increases from the beginning to the end of the period, due to the genetic and environmental changes throughout the years. To obtain the mean increase per year, the accumulated progress was divided by the number of years in the period. This latter estimate divided by the overall experimental mean of the first year (reference mean), multiplied by 100, express the mean annual genetic gain in percentage (Vencovsky et al., 1986) . Following that, the Moresco (2003) t test with n -2 degrees of freedom (being n the total number of years) was used to test the significance of the annual genetic improvement.
The rates of included, excluded, maintained and replaced experimental lines and cultivars from one year to the next were estimated as well, according to the following equations given in percentage values: %I = ; %E = ; %M = and %R = .
Here: I is the number of experimental lines and cultivars included in the subsequent year; E the number of experimental lines and cultivars excluded in the previous year; M the number of experimental lines and cultivars maintained from one year to the next; and R the number of renewed experimental lines and cultivars. All analyses were performed with the GENES software (Cruz, 2001) .
RESULTS AND DISCUSSION
The number of trials per growing season varied from one to four, totaling 53 trials (Table 1) . A similar number was used in other studies on the genetic progress of other crops such as rice (Breseghello et al., 1999) , although shorter periods were by them considered in relation to the present case. The number of experimental lines and cultivars evaluated in each year varied from 12 to 29, totalizing 184 evaluated in the period. The mean yield increased in the period between 1976 and 2005 ( Table 1) .
The experimental lines and cultivars substitution rate quantifies the efficiency of a breeding program by included, excluded, maintained and replaced experimental lines and cultivars from one year to another (Cruz & Carneiro, 2003) . The dryland wheat breeding program achieved a good rate of genotype renovation throughout the entire study period, with a mean rate of 35%, indicating that the breeding programs have been able to release a considerable number of new genotypes each year (Table 2) . Soares et al. (1999) and Atroch & Nunes (2000) found renovation rates in rice of 44% and 46% respectively, and reported that these values evidence the high performance of the improvement programs of this crop. Furthermore, the difference between the inclusion and exclusion rates indicates the degree of contribution of the breeding programs in terms of releasing new cultivars.
The environmental variation between years was estimated based on the maintenance rate, i.e., from the differences of the common genotypes in the study years (Atroch & Nunes, 2000) . The mean maintenance rate of 52% allowed a good estimate of the environmental variation. Moreover, this condition is very relevant in the methodology proposed by Vencovsky et al. (1986) for estimating the genetic improvement. It also warrants a greater margin of safety in the progress estimation, by the consequent reduction of the confusion caused by experimental errors and genotype × year interactions.
This study would be of little value if only a few common genotypes had been used to evaluate the year effects (environment) on account of the way the trials were conducted. The strategy used by the Wheat Research Commission was to include all recommended cultivars as controls, besides the reevaluation of the best tested lines in the following year, which raises maintenance rates. Generally speaking, the genotype maintenance rate of 52% obtained in this study is considered good. Soares et al. (1999) stated a mean maintenance rate of 56% in rice, whereas Atroch & Nunes (2000) verified a rate of only 38% for the same crop, while Moresco (2003) observed a mean maintenance rate of around 44% in cotton and found that this allowed a good estimate of the environmental variation between years of evaluation.
During the process of estimation of the genetic and environmental progress, variation were observed in the total, environmental and genetic differences between one year and another, in the period from 1976 through 2005 (Figure 1 ). The variation in the total differences was strongly linked to the differences of environmental effects that occurred between the years. This probably occurred according to the importance of environmental effects in the determination of the grain yield of the same pair of years, as for instance, the occurrence of greater water stress (less rainfall) in some years. Tthe climate conditions (environment) are the main determinant factors of variations in mean grain yields between years (Carvalho et al., 1980) . The year and/or environment are important indeed in the estimates of the genetic progress. In a study carried out during the period 1979 to 1984 , Feyerherm et al. (1989 Montana, and of 17.6 kg ha -1 year -1 in Dakota, USA, evidencing the environmental effect in the progress estimates.
Likewise, the annual genetic changes were of high magnitude, oscillating from 133 kg ha -1 to 467 kg ha -1 (Figure 1 ). The negative genetic change indicated that for some pairs of years the substitution of discarded genotypes decreased. This had not been expected, but is possible, since the implications of the environment on genotypes are quite relevant in dryland wheat cultivation. However, despite the differences in mean grain yields caused by changes in the genetic effect during the period, it was verified that the positive differences were more marked. This demonstrated the existence of genetic progress over the years, through the release of new cultivars by the wheat breeding programs.
The total improvement (genetic and environmental gain) was 1,971 kg ha -1 (Table 3 ). The genetic improvement accumulated throughout the period was 1,035 kg ha -1 , which corresponds to 52.6% of the total estimated progress, which represents an significant (p ≤ 0.05) increase expressed of 37 kg ha -1 year -1
. This also means that the mean grain yield increased by about 6.7% per year, which can be considered a high value, compared to the estimates of other crops (Moresco, 2003) .
The genetic progress obtained by the genetic improvement in wheat in Brazilian South region, was more recently reported by Nedel (1994) . This author examined the improvement of 15 wheat cultivars released from 1940 to 1992 and observed an increment of 17.3 kg ha -1 year -1 (0.8%) in grain yield. In the United States, Cox et al. (1988) reported an increase of 16.2 kg ha -1 year -1 . Thus the conducted wheat breeding program could be considered efficient.
Likewise, there was total an environmental and technological increase of 936 kg ha -1 which represents 47.4% of the total progress or 33.4 kg ha -1 year -1 (Table  3) . Actually, a marked yield increase had already been expected, due to the environmental improvement, since the technological management of the crop had been enhanced, as well as the soil fertility of the Cerrado (Brazilian savanna). In some years, the experiments in São Gotardo were conducted under pivot irrigation, following vegetables such as carrot, potato, onion and others. These crops are cultivated at a high technological level, mainly regarding fertilization, which benefited the wheat trials, while supplementary irrigations in the beginning of the cycle further contributed to higher grain yields.
For soybean, the annual genetic gains oscilated between 1.3% and 1.8% in Paraná, from 1981 to 1986 (Toledo et al., 1990) . For rice, Soares et al. (1999) estimated a progress of 0.84% to 1.6% per year in Minas Gerais; in northeastern Brazil, Breseghello et al. (1999) predicted the genetic gain for this crop of 0.77% per year during the period from 1984 to 1993. For the genetic progress of herbaceous cotton in northeastern Brazil, Carvalho et al. (1997) obtained a gain of 1.03% per year for cotton seed yield. In Mato Grosso, Moresco (2003) estimated the genetic progress of cotton seed between 3.7% and 5.2% per year, values similar to those estimated here.
The accumulated genetic improvement of the 30 years of dryland wheat in Minas Gerais State presented three distinct phases (Figure 2 ). The first phase was characterized by negative genetic improvement or of such low magnitude and, consequently, low accumulated increase. In this phase, the breeding program consisted of introducing and testing cultivars of different national and international institutions. These cultivars were not well-adapted to the regional climate. From the beginning of the 80ies until 1993, a breeding program with segregating populations was developed, which initiated the second phase, with high Description of the Gain Period Anual Rate: Genetic/Environment gains, namely in the pair of years 1982/1983, when the genotype renovation rate attained 71%. The third phase, from 1993 on wards, was characterized by activities of breeding with hybridizations and introductions of lines from the CIMMYT (International Maize and Wheat Improvement Center). In this phase, the pair of years 1996/1997 presented the highest gain of the entire study period and a renovation rate of 81%. The breeding programs developed new cultivars which increased the grain yield in the State of Minas Gerais, representing 52.6% of the total progress, and the crop management contribuited to 47.4% to the gain yield increase. In Brazil, Moreira et al. (1982) estimated an increase in wheat yield, owing to genotypes (genetic gain) of 22% of the total progress and Silvey (1981) , in England, of 40%. Nevertheless, one must bear in mind that no other study estimated the genetic and environmental progress over a similarly long period or by the same methodology.
The efforts undertaken in the search for productive and adapted cultivars have brought forth remarkable results in the dryland wheat breeding programs conducted by state and federal agricultural research institutions developing new dryland wheat genotypes for the State of Minas Gerais.
CONCLUSIONS
The dryland wheat breeding program conducted in Minas Gerais State was very efficient. The mean annual genetic gain in yield was 37 kg ha -1 year -1
, during the period from 1976 to 2005. Environmental improvements were important for the yield increase during the same period accounting for 47.4% of the total progress. During the entire study period, 35% of the dryland wheat genotypes were replaced in the improvement programs.
